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3samuSaos zogadi daxasiaTeba
samuSaos aqtualoba. Uukanaskneli aTwleulebi xasiaTdeba 
eleqtruli sadgurebisa da qselebis teqnikur gadaiaraRebaSi 
investiciebis dabali doniT. samrewvelo warmoebis vardnam 
mogviyvana gacveTili eleqtrodanadgarebis raodenobis mkveTr 
zrdasTan. eleqtromowyobilobis  muSaobis saSualo xangrZlivobam 
gadaaWarba 40 wels da maTma 80 % -ma gamoimuSava Tavisi fizikuri 
resursi. SeiniSneba teqnologiuri darRvevebisa da avariebis 
raodenobis zrdis myari tendencia, romelTa umetesoba modis 
zeTiT avsebul mowyobilobebze, pirvel rigSi Zalovan
transformatorebze avtotransfor-matorebsa da reaqtorebze.
Zaluri transformatori warmoadgens nebismieri qvesadguris 
yvelaze ufro ZviradRirebul elements. ganasxvaveben saerTo da 
specialuri daniSnulebis Zalovan transformatorebs. saerTo 
daniSnulebis Zalovani transformatorebi gamoiyeneba iseTi 
qselebisa da momxmareblebis kvebisaTvis, romlebic ar xasiaTdebian 
muSaobis gansakuTrebuli pirobebiT, datvirTvis xasiaTiTa da 
muSaobis reJimebiT. specialuri daniSnulebis Zalovani 
transformatorebi gamoiyeneba iseTi qselebisa da  momxmareblebis 
kvebisaTvis romlebic xasiaTdebian muSaobis gansakuTrebuli 
pirobebiT, datvirTvis xasiaTiTa da muSaobis reJimebiT. aseTi  
qselebisa da momxmareblebis ricxvs miekuTvnebian miwisqveSa 
maRarosa da Saxtis qselebi da danadgarebi, gammarTveli 
mowyobilobebi. Eeleqtruli Rumelebi da sxva. 
transformatorebis umetesoba mravali wlis ganmavlobaSi 
muSaobs sxvadasxva klimatur pirobebSi da ganicdis eleqtromagni-
turi da meqanikuri bunebis Sinagad da garegan zemoqmedebas. amitom 
transformatorebis eqspluataciis dros gamoricxuli ar aris 
aRiZras sxvadasxva saxis defeqtebi, romlebic sxvadasxva xarisxiT 
aisaxeba maT muSaobaze. erTi saxis defeqtebiT transformatori 
4SeiZleba xangrZlivad darCes muSaobaSi, xolo sxva saxis 
defeqtebiT saWiroa maTi dauyonebliv muSaobidan gamoyvana. 
TiToeul SemTxvevaSi muSaobis Semdgomi gagrZelebis SesaZlebloba 
ganisazRvreba dazianebis xasiaTiT. Ppersonalis 
araoperatiulobisa da  umniSvnelo defeqtebis gamosworebisaTvis 
zomebis udroo miRebas mivyavarT transformatorebis avariul 
gamorTvamde.
dReisaTvis  saqarTvelos elmomaragebis sistemaSi Zaluri 
transformatorebis mniSvnelovanma nawilma amowura Tavisi 
muSaobis resursi. Qqveynis ekonomiuri situacia, agreTve 
transformatorebis saerTo raodenobis didi ricxvi ar iZleva 
uaxloes xanSi maTi Secvlis saSualebas. Aamitom 
transformatorebis eqspluataciis saimedobis SesanarCuneblad 
mniSvnelovani roli ekisreba maT diagnostikur kontrols.
msoflio gamocdileba gviCvenebs, rom mZlavri 
transformatorebis SemTxveviTi avariiT miyenebuli ekonomiuri 
zarali, romelic dakavSirebulia mxolod Zabvis Sewyvetis gamo 
samrewvelo sawarmoebis gaCerebasTan milionobiT  dolarebiT. ukve 
ar vlaparakobT im udides danaxarjebze, romelic saWiroa am 
ZviradRirebuli mowyobilobis muSaunarianobis aRsadgenad. amitom 
transformatorebis drouli diagnostika metad aqtualuri Temaa.
sazRvargareT Catarebulma statistikurma gamokvlevebma 
aCvena, rom Zaluri transformatoris mtyunebis albaToba 
weliwadSi Seadgens 0,0062. sxva sityvebiT rom vTqvaT, es niSnavs, 
rom 160 zeTiani transformatoris mqone energosistemaSi ukidures 
SemTxvevaSi SesaZlebelia erTi avaria weliwadSi. meore mxriv, 
Tanamedrove eleqtroenergetikis damaxasiaTebeli tendenciaa 
ZiriTadi Zaluri mowyobilobebis cveTis xarisxis zrda da 
arasakmarisi ganaxlebis tempebi.Ddazianebis mizezebi 
dakavSirebulia eqspluataciis cud pirobebTan, uxarisxo remontsa 
da montaJTan. mniSvnelovan rols TamaSobs transformatoris 
5konstruqciis calkeuli elementebis faruli defeqtebi da 
arasakmarisi xarisxis saizolacio masalebi.
Eenergetikul bazasa da eleqtroenergiis uwyvet moTxovnas 
Soris mdgomareobis obieqturi winaaRmdegoba Tavis asaxvas 
poulobs am problemis gadasawyvetad samecniero-teqnikuri gzebis 
Ziebis intensifikaciaSi. ganviTarebis adreul stadiaSi 
eleqtromowyobilobebis muSaobaSi defeqtebis gamovlena, avariuli 
situaciebis aRZvramde maTi likvidaciisaTvis drouli 
gadawyvetilebis miReba, Seamcirebs da  ara marto Tavidan 
agvacilebs mniSvnelovan zarals, aramed Seamcirebs gacdenebsa da 
remontis xarjebs, gaaxangrZlivebs misi muSaobis vadas. 
eleqtromowyobilobis racionaluri, usafrTxo da efeqturi 
eqspluataciisaTvis da remontze gadayvanisaTvis diagnostikis 
arsebu-li sistemebi unda Seivsos mTeli rigi specialuri 
meTodebiTa da teqnologiebiT, romelTac gaaCniaT unari muSa 
reJimSi awarmoon konkretuli eleqtromowyobilobis mimdinare 
mdgomareobis statistika.
amJamad Zaluri transformatorebisa da avtotransformato-
rebis saeqspluatacio maxasiaTeblebis gansazRvrisa da sistemebis 
defeqtebis ganviTarebis donis mdgomareobis SefasebisaTvis, sul 
ufro farTod mimarTaven kompleqsur diagnostikur gamokvlevas. 
aseTi gamokvlevebi saSualebas gvaZleven ara marto gamovavlinoT 
ganviTarebadi defeqtebi, SevafasoT maTi saSiSroebis done, aramed 
davasabuToT kapitaluri remontis saWiroeba, moculoba da vadebi.
teqnikuri mdgomareobis arsebuli meTodebi da saSualebebi 
mowyobilobis kompleqsuri gamokvlevebis dros iZlevian 
defeqtebis umravlesobis SemCnevis saSualebas. magram  kompleqsuri 
gamokvlevebi maTi didi Sromatevadobisa da Rirebulebis gamo 
sruldeba mxolod strategiul eleqtromowyobilobebze remontze 
gadayvanis dros da bunebrivia ver uzrunvelyofs ganviTarebadi 
defeqtebis droul SemCnevas.
6principul problemas warmoadgens koncefciis Teoriuli 
uzrunvelyofis arsebiTi CamorCena diagnostikis Tanamedrove 
saSualebebisa da informaciuli teqnologiebis miRwevebis realuri 
SesaZleblobebisagan.
ukanaskneli ori aTwleulis ganmavlobaSi msoflio 
masStabiT ganuwyvetliv muSavdeba da praqtikaSi inergeba 
qvesadgurebisa da transformatorebis diagnostikuri meTodebi da 
xelsawyoebi, romlebic damzadebulia Tanamedrove mikroeleqtro-
nikis bazaze. maT safuZvelze gamoCnda  Tanamedrove vibrodia-
gnostikis, Tbovizoruli kontrolis, zeTis qromatografiuli 
analizis, oscilografebisa da registratorebis  mravali 
saxesxvaobebi, romlebic advilad uRldebian personalur 
kompiuterebTan. 
amasTanave  diagnostikis Tanamedrove meTodebi da teqnikuri 
saSualebebi energosistemebSi saSualebas ar iZlevian ZviradRire-
buli eleqtromomowyobilobis gaxsnis gareSe gamovlenili iqnas  
calkeuli elementebis muSaobis reJimebi. amasTan dakavSirebiT 
iweleba eletromowyobilobis remontSi gadayvanis dro, ixarjeba 
operatiuloba da izrdeba avariuli reJimebis gazrdis albaToba. 
teqnikurad dasabuTebuli diagnozis dasma SesaZlebelia 
mxolod srulyofili informaciis pirobebis statistikuri 
monacemebis Sekrebis, gare daTvalierebisa da specialuri 
xelsawyoebis saSualebiT Catarebuli eqsperimentuli gamokvlevebis 
Sedegad.
amitom udaod aqtualuri xdeba  kontrolis iseTi axali 
meTodebis damuSaveba, romlebiTac transformatoris gaxsnis gareSe 
moxdeba misTvis damaxasiaTebeli  sxvadasxva parametrisa da 
monacemis gazomva, defeqtebis aRmoCena da SesaZlo avariebis 
prognozirebis mizniT damuSavdeba miRebuli Sedegebi, 
7samuSaos mizania Zaluri transformatoris iseTi monitorin-
gisa da diagnostikuri saSualebis damuSaveba, romelic muSa Zabvis 
qveS uzrunvelyofs ganviTarebadi defeqtebis adreul  aRmoCenas.
ZiriTadi amocanebi: 
  1.  saqarTvelos saxelmwifo eleqtrosistemaSi 110-500 kv Zabvis 
qvesadgurebis, Ria da daxuruli gamanawilebeli mowyobilobebis 
saxeobebis mixedviT warmodgenili mtyunebebis, uwesivrobisa da 
defeqtebis mdgomareobis dadgena; 
  2. Zaluri transformatoris diagnostikis stuqturuli sqemis 
algoriTmis daxvewa;
  3. Zalur transformatorebSi mimdinare fizikuri procesebis 
Sesabamisi maTematikuri modelis damuSaveba.
  4. kontrolis iseTi axali meTodis damuSaveba, romlebiTac 
transformatoris gaxsnis gareSe uwyvetad moxdeba misTvis 
damaxasiaTebeli  induqciurobis  parametris mudmivi kontroli da 
misi cvlilebs safuZvelze swrafmoqmed dacvasTan kavSiriT 
dazianebuli transformatoris amorTva.
 5. Zaluri transformatorebis monitoringis daxvewis  teqnolo-
giaSi mikroprocesoruli teqnikis gamoyenebis Sesaxeb  rekomen-
daciis gacema.
kvlevis obieqtebs warmoadgenen energo-pro jorjias 
gamanawilebeli qvesadgurebi da zahesis transformatorebis 
saremonto qarxana.
kvlevis meTodebi. sadisertacio samuSaos Sesrulebisas 
gamoyenebuli iqna Teoriuli da empiriuli SemecnebiTi meTodebi. 
Teoriul doneze es meTodebia eleqtruli wredebisa da gazomvebis  
Teoria. Eempiriul doneze gamoyenebuli iqna fizikuri da 
maTematikuri modelirebis meTodebi.
samecniero siaxle. 
81. Sedgenili iqna Zaluri transformatorebis diagnostikis 
struqturuli sqema, romelic Sedgeba: parametrebis gardaqmnisa da 
analizis, teqnikuri mdgomareobis, dinamiuri maxasiaTeblebisa da 
ganviTarebadi defeqtebisa da  narCeni resursebis modelebis 
blokebisagan; 
2.damuSavebuli iqna Zalur transformatorebSi mimdinare fizikuri 
procesebis Sesabamisi maTematikuri modeli uqmi svlisa  da 
datvirTvis reJimSi;
3. Zaluri transformatorebis parametrebis kontrolis 
sainformacio - sazomi sistemis safuZvelze  damuSavebuli iqna 
kompiuteruli programa  transformatoris gragnilebis induqciuri 
winaRobis kontroliT  dazianebis gansazRvrisaTvis, romelsac 
SeuZlia imuSaos swrafmoqmed dacvasTan kavSirSi.
praqtikuli Rirebuleba. 
1. warmodgenili meTodika saSualebas iZleva operatiulad 
ganvsazRvroT muSa Zabvis qveS Zaluri transformatorebis 
mimdinare mdgomareoba, rac Tavidan agvacilebs avariul 
situaciebsa Sesabamisad, did ekonomiur zarals. 
2. Zalur transformatorebSi mimdinare fizikuri procesebis 
Sesabamis, daxvewil maTematikuri models didi mniSvneloba aqvs 
transformatoris optimaluri eleqtruli da magnituri 
parametrebis dadgenis saqmeSi, rac saSualebas mogvcems damzaddes 
Semcirebuli masalatevadobis Zaluri transformatorebi.
samuSaos aprobacia sadisertacio samuSaoebis Sedegebi 
gamoqveynebuli iqna sam samecniero statiaSi. ZiriTadi Sedegebi 
moxsenebuli iqna stu-s studentTa Ria 79-e saerTaSoriso 
samecniero konferencias (2011 weli); 
Ddisertaciis struqtura da moculoba. Ddisertacia Sedgeba 
Sesavalisa da oTxi Tavisagan, romlebic gadmocemulia 115 gverdze. 
Seicavs 9 naxazs, 23 cxrilsა da 96DAdasaxelebis literaturas.
9samuSaos ZiriTadi Sinaarsi
SesavalSi dasabuTebulia problemis aqtualoba, Camoyali-
bebuli da gansazRvrulia gamosakvlevi sakiTxebis wre, aseve 
kvlevis mizani da amocanebi. formulirebulia naSromis mecnierul 
siaxleTa da praqtikuli mniSvnelobis ZiriTadi aspeqtebi.
pirvel TavSi ganxilulia literaturuli wyaroebi 
eleqtromowyobilobaTa diagnostikis Sesaxeb. saerTod teqnikuri 
mowyobilobebisa da maT Soris maRali Zabvis eleqtromow-
yobilobis diagnostika es aris codnis sfero, romelic moicavs 
eqspluataciis pirobebSi eleqtromowyobilobebis muSaobis  
Teorias, teqnikuri mdgomareobis gansazRvris meTodebsa da 
saSualebebs. diagnostika rogorc mecniereba da misi praqtikuli 
gamoyeneba imyofeba sxvadasxva mecnierebis ganyofilebebis zRvarze. 
pirvel rigSi es exeba fizikasa da qimias sxvadasxva saxis 
masalebis (dawyebuli gazisebridan damTavrebuli myari sxeulebiT) 
Tvisebebis cvlilebisa da  qcevis nawilSi da procesebs, romlebic 
mimdinareobs maTSi sxvadasxva faqtorebis zemoqmedebiT.
kompiuteruli programebis damuSavebis  nawilSi diagnostika 
miekuTvneba aseve maTematikas eqsperimentuli monacemebis 
statistikuri damuSavebisa da analizis meTodebisa da rTuli 
amocanebis gadasawvetad.
Tanamedrove transformatorebi mcired gansxvavdebian XIX 
saukunis dasawyisis transformatorebisagan. isini iseve Sedgebian 
izolirebuli firfitebisagan da spilenZis gamtarebisagan 
damzadebuli gragnilebisagan. Tanamedrove transformatorebi 
Tavis winamorbedebs simZlavris mixedviT 500-jer aRematebian maTi 
simZlavre aRwevs 1 mln kvt-ze mets, xolo Zabvis mixedviT 15-jer 
aRematebian da SeuZliaT imuSaon 1150 kv Zabvis dros. eqspluataciis 
xangrZlivoba meryeobs 25 dan 50 wlamde; maTi masa erTeulovan 
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simZlavreze gaangariSebiT Semcirda daaxloebiT 10-jer, xolo 
margi qmedebis koeficientma gadaaWarba 99 %-s.
idealuri transformatoris parametrebi mniSvnelovnad 
damokidebulia gularas Tvisebebze, saxeldobr, am dargSi iqna 
miRweuli yvelaze didi progresi. Ggularas dasamzadebeli masalis 
mniSvnelovani Tvisebaa magnituri SeRwevadoba, magnituri gaJRenTva,
eleqtruli winaRoba da danakargebi histerezisze. Mmagnituri 
SeRwevadoba SeiZleba warmovidginoT rogorc magnitur velSi 
moTavsebuli masalaSi warmoqmnili magnituri Zalxazebis 
raodenoba. Mmagnituri gaJRenTva es aris magnituri masalis 
mdgomareoba, romlis drosac misi damagniteba aRwevs zRvrul 
mniSvnelobas. Ees ori Tviseba gansazRvravs gularas Zalur
maxasiaTeblebs. Ggularas masalas eleqtruli winaRoba 
mniSvnelovania imdenad, ramdenadac is saSualebas iZleva Semcirdes 
grigaluri denebiT gamowveuli danakargebi.
transformatorebis gularebis srulyofis mTeli istoriis 
manZilze Catarebuli sainJinro kvlevebis ZiriTadi miznebi iyo 
magnituri SeRwevadobis, gaJRenTvis wertilisa da eleqtruli 
winaRobis amaRleba da histerezisze danakargebis Semcireba. Aam 
gamokvlevebSi mniSvnelovan rols TamaSobs mrudi (nax.1), romelic 
grafikulad aRwers damokidebulebas dasamagnitebeli masalis iseT 
Tvisebebs Soris rogoricaa magnituri SeRwevadoba, magnituri 
gaJRenTva da histerezisi. 
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nax.1.
es mrudi warmoadgens magnituri velis induqciasa da 
daZabulobas Soris damokidebulebis grafiks. cvladi denis 
TiToeuli ciklis damaxasiaTebel mruds aqvs S asos forma 
Seviwroebadi boloebiT. misi daxris kuTxe Seesabameba magnituri 
SeRwevadobis sidides; is zeda wertili, (A) romelSic mrudi 
swordeba Seesabameba gaJRenTvis wertils, xolo  АВСА1В1С1А
mrudiT SemosazRvruli farTobi Seesabameba hostereziss. 
transformatoris tipiur dazianebebad iTvleba izolaciis, 
magnetogamtarebis, gadamrTveli mowyobilobebis, ganStoebebis, 
zeTvsebuli da faifuris Semyvanebis dazianebebi.
umetes SemTxvevebSi dazianeba uecrad ar xdeba, aramed raime 
araxelsayreli faqtoris xangrZlivi zemoqmedebiT. warmoqmnili 
defeqtis drouli gamovlena saSualebas iZleva miRebuli iqnes 
zomebi misi Semdgomi ganviTarebis AaRsakveTad da transfor-
matoris muSaunarianobis SesanarCuneblad.
naSromis meore Tavi eZRvneba MmaRali Zabvis eleqtromowyo-
bilobebis diagnostikis sistemis meTodologias. eleqtromow-
yobilobebis teqnikuri mdgomareobis kontroli, maTi uwesivrobebis 
gamovlena,  aRmofxvra da saeqspluatacio  resursebiT uzrunvel-
yofa miiRweva mowyobilobebis diagnostikis efeqturi meTodebisa 
da saSualebebis gamoyenebiT.
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nax.2.-ze mocemulia saqarTvelos saxelmwifo eleqtrosis-
temaSi 110-500 kv mowyobilobebis saxeobebis mixedviT mtyunebebis, 
uwesivrobisa da defeqtebis gamovlenis jamuri  ganawileba 
qvesadgurebSi, Ria da daxurul gamanawilebel mowyobilobebSi. aq 
warmodgenilia sami wlis ganmavlobaSi daaxloebiT 1500 erTeuli 
mowyobilobis eqspluataciis Sedegebi. rogorc aq warmodgenili  
diagramebidan Cans, gamovlenili defeqtebis raodenoba ZiriTadad 
aRemateba mtyunebaTa ricxvs. gamoyenebuli rom ar yofiliyo 
mowyobilobis diagnostireba, maSin mosalodneli iyo mtyunebaTa 
ricxvis kidev 10-20 % -iT gazrda.
    
nax.2.1. mtyunebaTa da gamovlenili defeqtebis ganawileba 
mowyobilobaTa saxeobebis mixedviT: kk- kavSiris kondensatori; g1 –
gamTiSebi; dt, Zt – denisa da Zabvis transformatorebi; gS-
gadaZabvebis SemzRudveli; g2- ganmmuxtvelebi; ea, sa – elgazuri da 
sahaero amomrTvelebi; tr- Zalovani transformatorebi; mr -  
maSuntirebeli reaqtorebi.
warmodgenili ganawilebis analizidan gamomdinare 
SesaZlebelia avRniSnoT, rom mowyobilobis izolaciis klasis 
zrdasTan erTad arsebobs mtyunebaTa zrdis tendencia. 
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gamovlenili uwesivrobebisa da defeqtebis didi nawili pirvel 
rigSi miekuTvneba eqspluataciaSi Seyvanil axali tipis 
mowyobilobebs, rac gamowveulia maTi damzadebis xarisxiT.
nax.3
diagnostikis sistemis struqturuli sqema mravaldoniania da 
warmodgendeba sami donis qvesistemebiT [nax.3]:
pirveli donis qvesistema uzrunvelyofs:
- informaciuli parametrebis Senaxvas;
- diagnostikuri parametrebis gazomvas;
- gazomili diagnostikuri parametrebis damuSavebas, maT 
normalizebul  saxeSi warmodgenasa da damuSavebuli gazomvis 
Sedegebis monacemTa bazaSi gadacemas.
- gazomili parametrebis mniSvnelobebis normirebul mniSvnelo-
bebTan Sesabamisobis gansazRvrasa da obieqtis teqnikuri 
14
mdgomareobis normatiul - teqnikuri dokumentaciis moTxovnebTan 
Sesabamisobaze daskvnis Fformirebas;
- gazomili parametrebis mniSvnelobebis normirebul mniSvnelobebze 
gadaWarbebis SemTxvevaSi obieqtis eqpluataciis safrTxis Sesaxeb 
signalis formireba;
- gadamwodebis mgrZnobiarobis cvlilebis, gazomvisa da 
sinqronizaciis xangrZlivobisa da periodulobis Sesaxeb brZanebis 
signalis miReba.
meore donis qvesistema uzrunvelyofs:
- ganviTarebadi defeqtebis saxeobisa da adgilis gansazRvras;
- warmoebuli da dinamiuri diagnostikuri maxasiaTeblebis 
gaangariSebas;
- retrospeqtuli diagnostikuri parametrebis gansazRvras;
- ganviTarebadi defeqtebis safrTxis xarisxis gansaRvras;
- pirveli donis qvesistemidan miRebuli  brZanebis mixedviT muSao-
bis algoriTmis cvlilebas;
- gaangariSebisa da analizis Sedegebis monacemTa bazaSi gadacemas;
- obieqtis gacivebis sistemis muSaobis reJimis cvlilebis Sesaxeb 
signalis formireba.
mesame donis qvesistema uzrunvelyofs obieqtis narCeni resursis 
Sefasebas.
teqnikuri diagnostikis ZiriTadi amocanebidan gamomdinare, 
pirveladi aqtiT gansazRvruli unda iyos teqnikuri mdgomareobis 
saxe. uwesivrobisa da defeqtis  faqtis dadgenis Semdeg moZiebuli 
unda iyos dazianebis adgili,  saxe, misgan gamowveuli safrTxe da 
gansazRvruli unda iqnes uwesivrobis mizezi. 
gasazomi diagnostikuri parametrebis raodenoba damoki-
debulia mowyobilobis saxeobaze da diagnostirebis meTodebis 
ganviTarebis xarisxze. ase magaliTad, gasazomi diagnostikuri 
parametrebis ricxvi Zalovan transformatorebsa da maSuntirebel 
reaqtorebSi aRwevs 38; zeTian amomrTvelebSi – 29; elgazur 
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amomrTvelebSi – 25; gadaZabvebis SemzRudvelebsa da gamTiSebSi –
10; ganmamxoloeblebSi (amZraviT) – 14; zeTiT Sevsebul sazom 
transformatorebsa da kavSiris kondensatorebSi – 9. 
mowyobilobis diagnostirebis dros defeqtis warmoqmnisas 
mimdinare movlenaTa urTierTqmedebis codna mniSvnelovani pirobaa
sistemisa da mTlianad obieqtis teqnikuri mdgomareobis modelebis 
Sesaqmnelad movlenaTa logikuri jaWvis gansazRvrisaTvis. 
maSasadame, sakontrolo obieqtis parametrebis gazomvis Sedegebis
analizisas movlenaTa sqemis ageba warmoadgens diagnostikis 
meTodikis  Semadgenel nawils. 
diagnostirebis algoriTmis ZiriTad nawils warmoadgens 
modeli.  modeli Sedgeba mTeli rigi nawilebisagan (blokebisagan), 
romelTac erTmaneTTan gaaCniaT funqcionaluri kavSirebi. rogorc 
wesi aseTi nawilebi erTmaneTisagan izolirebulad ar ganixi-
lebian. maTi jamuri wvlili mTlianad modelis funqcionirebaSi 
ganpirobebulia nawilebs Soris urTierTqmedebiT. mowyobilobis 
diagnostirebisas mniSvnelvania vicodeT movlenaTa Tanmimdevroba,
romelTac SeuZliaT migviyvanon detalebisa da kvanZebis 
mtyunebamde. am dros mxedvelobaSi miiReba is fizikuri procesebi, 
romlebic gansazRvraven masalebisa da konstruqciis degradacias.
mizanSewonilia Taviseburi e.w. `mtyunebaTa xis” an `movlenaTa xis” 
ageba, romelic warmoadgens im pirobaTa aRZvris Tanmimdevrobas, 
romelsac mihyavs mTlianad obieqti an misi sistema mtyunebamde.
maSasadame, modelebSi maTematikurad aRiwereba obieqtSi mimdinare 
fizikuri procesebi.
teqnikuri mdgomareobis modeli warmoadgens diagnostikis 
sistemis pirveli donis qvesistemis ZiriTad elements. es aris 
mTlianad obieqtis, obieqtis sistemis an kvanZebis teqnikuri mdgo-
mareobis modeli da pasuxobs kiTxvaze: aris Tui ara defeqti?, anu 
gvaqvs Tu ara gazomili diagnostikuri parametrebis iseTi 
mniSvnerlobebi, romlebic aRematebian normirebul mniSvnelobebs. 
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teqnikuri mdgomareobis modelSi aris ramdenime modeli, romlebic 
miekuTvnebian obieqtis sistemebs, magaliTad, eleqtrosaizolacio 
da gacivebis sistemebi da sxva.
diagnostikis sistemis mniSvnelovani elementia defeqtebis 
ganviTarebis xasiaTis gansazRvra dawyebuli maTi warmoqmnis 
stadiidan am defeqtebis aRmweri diagnostikuri parametrebis 
normirebuli mniSvnelobebis miRwevamde. ganviTarebadi defeqtebis 
modeli anu defeqtebis safrTxis xarisxis defeqti f(X,τ) 
warmoadgens defeqtebis safrTxis donis Kd funqcias, romelic 
Tavis mxriv ganisazRvreba statikuri Xст =Xi/Xkr.i da dinamiuri Xdini = 
dXi/dt an Xdini = (Xi2-Xi1)/Δt. safrTxis done Kd ganisazRvreba Xst da Xdini
parametrebis maqsimaluri mniSvnelobebiT.
narCeni resursis SefasebisaTvis gamoiyeneba maTematikur –
statistikuri meTodebi. maRali Zabvis mowyobilobis mtyunebaTa 
simkvrivis ganawilebis eqsperimentuli monacemebis ganxilvam 
gviCvensa, rom  maRali Zabvis mowyobilobebis mtyunebaTa droiTi 
ganawilebis funqciebs ar gaaCniaT statistikuri mdgradoba da 
erTgvarovneba. mtyunebaTa funqciebi ar warmoadgenen movlenaTa 
erTobliobis anarekls da maT gamoyenebas mivyavarT narCeni 
resursis gansazRvris dabal saimedobamde. am SemTxvvaSi iyeneben 
albaTur - stastistikur modelebs
naSromis mesame Tavi eZRvneba Zaluri transformatorebis 
maTematikur modelebs. maTematikuri modelireba warmoadgens 
adamianis mier gare samyaros movlenebis Secnobis erT-erT ZiriTad 
instruments. igi aris realuri obieqtis, procesis an sistemis 
Seswavlis saSualeba maTi maTematikuri modeliT Secvlis gziT, 
romelic ufro mosaxerxebelia gamomTvleli manqanis gamoyenebiT 
eqsperimentuli kvlevebis Catarebisas. maTematikuri modelirebis 
qveS igulisxmeba Sesaswavli movlenis ZiriTadi kanonzomierebani 
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da kavSirebi. es SeiZleba iyos formulebi an gantolebebi, wesebis 
an SeTanxmebebis krebuli gamosaxuli maTematikuri formiT.
maTematikuri modelirebis farTo gamoyeneba saSualebas
iZleva aiwios Teoriuli gamokvlevebis saerTo done, Catardes
isini eqsperimentalur gamokvlevebTan mWidro kavSirSi. maTema-
tikuri modelireba SeiZleba ganixilebodes rogorc Semecnebis, 
konstruirebis, proeqti-rebis axali meTodi, romelic Tavis TavSi 
Seicavs, rogorc Teoriis aseve eqsperimentis dadebiT mxareebs.
eleqtrodanadgarebis maTematikuri modelebis Seqmna da 
Seswavla iZleva eleqtrodanadgarebis kvlevis did perspeqtivebs. 
eleqtroteqnikur sferoSi mimdinare samecniero-kvleviT 
samuSaoebSi kompiuteris farTod gamoyenebam aucilebeli gaxada 
maTematikur modelirebasTan erTad eleqtruli wredebis Teoriis 
sferoSi axali Teoriuli midgomebis damuSaveba da miRebuli 
Sedegebis WeSmaritebis Sefaseba.
induqciurad dakavSirebuli wredebis modelirebis amocana 
DdReisaTvis aqtualurad iTvleba. adekvaturi modelirebis amocana 
didi xania aRelvebs swavlul eleqtroteqnikosebs, razec 
metyvelebs eleqtroteqnikosTa saerTaSoriso komisiis kongresze 
gamarTuli diskusiebi.
Zaluri transformatoris swori maTematikuri modelis 
Sedgenas da gamoyenebas udidesi mniSvneloba eniWeba transfor-
matoris optimaluri parametrebis dasadgenad. dRemde ar arsebobs 
transformatorebis srulyofili maTematikuri modeli, miuxedavad 
imisa, rom evropis masStabiT transformatorebis parki  Seadgens 4 
milionze mets da transformatorebi xasiaTdebian sakmaod maRali 
margi qmedebis koeficientiT, daaxloebiT 99%. miuxedavad amisa 
danakargebi gvaqvs eleqtroenergiis moZraobis TiToeul ubanze, 
rac dakavSirebulia Zabvebis gardaqnasTan. Tanamedrove qselebSic 
ki transformatoruli gardamqmnelebiT danakargebi Seadgens 
mTlianad warmoebuli energiis 2%-s anu mTliani danakargebis 1/3-s.
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    gasuli saukunis 60-70 wlebi gansakuTrebiT nayofieri gamodga 
eleqtroteqnikis Teoriuli problemebis ganviTarebis Tvalsazri-
siT. egm-is ganviTarebam, maTi gamoyenebis efeqturobis   aucile-
belma amaRlebam gansazRvra eleqtruli wredebis Teoriis sferoSi 
axali Teoriuli midgomebis damuSaveba. egm-is unarma daimaxsovros 
ricxvTa didi masivebi, Seasrulos logikuri operaciebi, aiZula 
mecnierebi gadaexedaT eleqtruli wredis gaangariSebis meTode-
bisaTvis. warmoiqmna im meTodebis ganviTarebis moTxovna, romlebic 
yvelaze metad gamoiyeneben egm-is specifikur Taviseburebebs. aseT 
meTodebs miekuTvneba eleqtruli wredebis gantolebebis formire-
bisa da amoxsnis matriculi meTodebi. Catarebuli didi moculobis 
samuSaos miuxedavad, eleqtroteqnikis Teoriuli  problemebis 
ganviTarebis TvalsazrisiT ufro da ufro aucilebeli xdeba  
mimdinare procesis fizikuri mxaris gageba da amis safuZvelze 
miRebuli Sedegebis WeSmaritebis Sefaseba.
zusti informaciis gadacemisa da gardaqmnis sakiTxTan 
dakavSirebiT, mizanSewonilia eleqtruli wredebis Teoriis 
zogierTi sakiTxis gadmocemis meTodikaSi garkveuli cvlilebebis 
Setana. magaliTad, aseT sakiTxs miekuTvneba induqciurad 
dakavSirebuli wredebis maTematikuri modelebi, romlis tipiuri 
magaliTia  eleqtroenergiis gadacemis umniSvnelovanesi elementi –
Zaluri transformatori.
naSromis am TavSi ganxilulia rogorc erTfaza, aseve 
samfaza transformatoris maTematikuri modelebi, rogorc uqmi 
svlis, aseve datvirTvis reJimebSi.
nax.4-ze naCvenebia datvirTuli samfaza transformatoris 
magnituri nakadebis mimarTulebani, romelic Sesabamis denTad 
dakavSirebulia burRis wesiT.
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nax.4 
rogorc cnobilia magnituri nakadebis wirebi Sekruli 
wirebia. TiToeuli fazis gragnilSi gamavali denis mier Seqmnili 
nakadi iyofa or nawilad da ganWolavs danarCeni ori fazis 
gragnilebis xviebs da aRZravs maTSi urTierTinduqciis emZ-ebs. 
magaliTad, A fazaSi gamavali iA  denis mier Seqmnili nakadi ΦA
Sedgeba ori nawilisagan da tolia: 
ΦA = Φ’A + Φ”A,                        
am nakadis nawili Φ’A ganWolavs B fazis rogorc maRali, ise 
dabali Zabvis gragnilebs da orive maTganSi aRZravs 
urTierTinduqciis emZ-ebs, xolo  Φ”A ganWolavs C fazis rogorc 
maRali ise dabali Zabvis gragnilebs da aseve maTSic aRZravs 
urTierTinduqciis emZ-ebs. analogiurad gveqneba danarCen fazebSi 
gamavali iB da iC denebis mier Seqmnili  ΦB  da ΦC magnituri 
nakadebisaTvisac, romlebic Sesabamisad ganWolaven A,C da A,B 
fazebis maRali da Ddabali Zabvis gragnilebs (naxazis 
gadatvirTvis gamo Φ’B,  Φ”B, Φ’C  da  Φ”C nakadebi naCvenebi ar aris).
warmodgenili sqemisaTvis kirxhofis II kanoniT Sedgenili 
gantolebaTa sistema kompleqsur saxeSi SEmdegnairad gamoisaxeba:
20
(1)
am gantolebaTa sistemis mTavari ganmsazRvreli winaRobaTa 
matrica meoreuli gragnilebis aqtiuri winaRobebis simciris gamo 
ugulvebelyofis Semdeg warmodgიndeba  Semdegi saxiT:
        (2)
xolo toli koeficientebis dadgenis Semdeg miiRebs saxes:
Δ =    (3)   
 am sistemaSi TiToeuli saZiebeli denis qveS moTavsebulia 
maTi koeficientebi. garda mTavari determinantisa () denebis 
gansazRvrisaTvis saWiroa damatebiTi ganmsazRvrelebi. damatebiTi 
ganmsazRvrelis misaRebad denebis qveS moTavsebuli koeficientebi 
unda Seicvalos (1) sistemis marcxena nawilSi arsebuli 
Tavisufali wevrebiT. magaliTad denis damatebiTi 
ganmsazRvreli ganisazRvreba (4) matriciT.
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 =           (4)
saZiebeli   deni ganisazRvreba formuliT:
       = /Δ                                                                                   (5)
analogiurad ganisazRvreba danarCeni denebic:
= /  ;   = / = / = / = /                       (6
nax.5.
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denebis gansazRvrisaTvis nax.5-ze warmodgenilia 
transformatoris gantolebaTa sistemis amoxsnis  blok-sqema, 
romlis mixedviTac SesaZlebelia programis Sedgena.
naSromis meoTxe TavSi warmodgenilia Zaluri zeTiani 
transformatorebis diagnostikis Tanamedrove meTodebi. kerZod, 
warmodgenilia Zalur transformatorSi ganviTarebadi defeqtebis 
gansazRvris algoriTmi, eleqtromowyobilobis Tbovizoruli 
kontroli da transformatoris gragnilebis dazianebis gansazRvra 
induqciuri winaRobis kontroliT.  
Zaluri transformatoris daZvelebis procesSi misi izolacia 
ganicdis mTel rig fiziko - qimiur cvlilebebs. am dros gamoiyofa 
daSlis produqtebi – myari, Txevadi da airisebri nivTierebebi. 
celulozisagan damzadebuli myari saizolacio masalebi (qaRaldi 
da muyao) neli daZvelebis dros gamoyofen airebs; maT ricxvSia 
wyalbadi da dabalmolekuluri naxSirwyalbadebi, aseve 
naxSirbadis Jangi da orJangi, romlebic warmoiqmnebian celulozis 
daJangvisas. airebi warmoiSveba aseve zeTis daZvelebisas. amasTanave 
airis gamoyofis intensivoba damokidebulia eleqtruli velis 
daZabulobasa da zeTis qimiur Semadgenlobaze; obieqtis muSaobis 
reJimze; eqspluataciis xangrZlivobaze; gamoyenebul masalebze da 
mTel rig faqtorebze, romelTa gaTvaliswinebac yovelTvis advili 
ar aris  gamoyofili airebis ricxvSi  garda naxSiris Jangisa CO
da orJangisa CO2, gvaqvs aseve wyalbadi HO2, meTani CH4, eTani C2H6, 
eTileni C2H4 da acetileni C2H2 .
airebis zeTSi xsnadoba proporciulia gareSe wnevisa da 20-
1000C temperaturis diapazonSi  temperaturis wrfivi funqciaa. 
magaliTad, wyalbadisaTvis zeTSi xsnadoba moculobaSi 7 %-ia, 
azotisa -8,6%, haerisa- 10,3 %, meTania -30 %,acetilinisa – 400 % da 
a.S.
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izolaciis darRvevis dros, romelic dakavSirebulia 
dazianebis arsebobasTan airebis gamoyofis intensivobis procesi 
mkveTrad  izrdeba; aseve SeiZleba Seicvalos airebis Semadgenloba 
da maTi Tanafardoba.
dadgenilia, rom transformatoris defeqtis TiToeul saxes 
Seesabameba airebis gansazRvruli nakrebi da maTi Tanafardoba.
damuSavebuli algoriTmi iZleva saSualebas miviRoT 
diagnozi im SemTxvevaSic ki, roca erTi airi mainc namdvilad aris 
dafiqsirebuli, xolo danarCenebis mimarT ar gvaqvs mkafio 
informacia. bunebrivia, rom am SemTxvevebSi faqtiuri da 
prognozirebadi defeqtebis Tanxvedris albaToba mcirdeba.
defeqtis prognozirebasTan erTad formirdeba transfor-
matoris teqnikuri momsaxureobis Semdgomi RonisZiebebi. am dros 
dawvrilebiTYanalizdeba defeqtis ganviTarebis teqnologia.
magaliTis saxiT moyvanilia ТРДН-40000/110 Zalovani 
transformatoris diagnostikuri analizi zeTis erTeulovan 
moculobaSi airebis koncentraciis mniSvnelobebis wina da 
ukanaskneli  gazomvebis Sedegebis mixedviT.
pirvel rigSi ganisazRvra airebis zRurbluri, zRvruli, 
fardobiTi koncentraciisa da koncentraciis cvlilebis absolu-
turi da fardobiTi siCqareebi. yvela es parametri gansazRvrulia 
normebiTa da formulebiT. niSanTa nakrebsa da rekomendaciebis 
nakrebs Soris kavSiris cxrilidan dadginda ganviTarebadi 
defeqtis arseboba, romlis Semdeg SemuSavebuli unda iqnes 
rekomendaciaTa krebuli. TiToeuli airis koncentraciis zrdis
siCqaris Sesabamisad ganisazRvra drois Sualedi, romlis gasvlis 
Semdeg unda vawarmooT Semdgomi gazomva. 
amave TavSi moyvanilia transformatoris diagnostikis 
Catareba Tbovizoruli meTodiT. infrawiTeli Termografia 
warmoadgens kontrolis damxmare saSualebas, gvexmareba 
transformatorSi airwarmoqmnis arsebobisas SevafasoT magnito-
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gamtarSi defeqtis warmoqmnis zona, xolo saqarxno dokumentaciis 
arsebobisas SevaviwrovoT defeqtis moZebnis adgili.
transformatoris avzSi siTbos gamoyofis wyaroebia Semdegi 
kvanZebi:
- magnitogamtari;
- gragnilebi;
- transformatoris masiuri metalis nawilebi, romlebSic 
siTbo gamoiyofa fantvis nakadebis mier aRZruli grigaluri 
denebiT gamowveuli damatebiTi danakargebis gamo;
- Semyvanebis dengamtari nawilebi da maTi kontaqtebi; 
- ganStoebebi da maTi SeerTebebi gragnilTan da SemyvanTan;
- Zabvis qveS regulirebis gadamrTvelis kontaqtebi.
amitom transformatoris avzis zedapiris Termogramebi 
gadaiReba:
- gragnilebis ganStoebebis ganlagebis adgilebSi;
- transformatoris avzis simaRleze;
- kidura fazebis mimarT;
- avzis zarxufis damagrebis adgilebSi.
avzis zedapiris temperaturis gradientis mniSvnelobebisa da 
maTi adgilmdebareobis mixedviT, transformatoris teqnologiuri 
dokumentaciis daxmarebiT fasdeba masSi SesaZlo defeqtebi. 
250 mva da meti simZlavris transformatorebisa da 
avtotransfor-matorebisaTvis rekomendirebulia eqspluataciaSi 
Seyvanis dros gadaviRoT avzis Tburi velis suraTi. 
daTvalierebis” reJimi saSualebas iZleva ganvsazRvroT 
temperatura transformatoris zedapiris nebismier wertilSi. unda 
gaviTvaliswinoT, rom transformatoris mTel simaRleze 
maqsimalur da minimalur temperaturaTa Soris sxvaobam SeiZleba 
miaRwios 20-350C-s.
infrawiTeli diagnostikis saSualebebis daxmarebiT  Tbovi-
zoruli kontrolis meTods Zaluri transformatorebis gare 
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elementebis (maRalvoltiani Semyvanebis, ganmmuxtvelebis, gadamr-
Tvelebis, gacivebis sistemebisa da sxvaTa) mdgomareobis Sesaxeb 
SeuZlia moitanos mravali sasargeblo informacia, magram igi 
iTvleba irib meTodaT, romelic ar iZleva transformatoris avzis 
kedlebisa da didi moculobis satransformatoro zeTis 
qveSMdafaruli aqtiuri nawils mdgomareobis Sesaxeb srul 
informacias. Ggarda amisa zemoTCamoTvlili meTodebi yovelTvis 
ar aris efeqturi mokled SerTvis dros Zalovani transfor-
matorebis gragnilebSi narCeni deformaciis aRZvris SeTxvevaSi, 
romlebic xdeba myisierad da ar toveben dros diagnostikuri 
gazomvebis Sedegebis analizisaTvis da transformatoris 
dazianebis Tavidan acilebis an momavali remontis masStabebis 
Semcirebis mizniT  ver uzrunvelyofen rac SeiZleba swrafad 
moxdes misi gamorTva.
Zaluri transformatoris gragnilebSi xviaTaSorisi mokled 
SerTvis Sedegad gamowveuli gragnilebis deformaciis mimarT 
yvelaze ufro mgrZnobiarea induqciurobis  parametri. aseTi 
transformatorebis gragnilebSi sawyisi deformaciebis aRZvrisas 
da xviaTaSorisi mokled SerTvis SemTxvevaSi periodidan 
periodamde xdeba induqciurobis ganviTarebadi gazrda an 
Semcireba, romelsac Tan axlavs sakontrolo transformatoris 
gragnilebis Seuqcevadi rRveva. Mam MmeTodis bazaze Seqmnilia 
Zaluri transformatorebis parametrebis kontrolis sainformacio 
- sazomi sistema, romelic SeiZleba gamoyenebuli iqnes mokled 
SerTvis cdebisa da eqspluataciis dros qselidan gamourTvelad 
Zaluri transformatorebis gragnilebis mdgomareobis operatiuli 
kontrolisaTvis.
induqciurobis Secvlis SemTxvevaSi kontrolis blokidan 
marTvis blokze miewodeba signali, romelic formirdeba damcveli 
amorTvis signalad. sainformacio-sazomi sistema saWiroa gamoye-
nebuli iqnes im reJimebisagan swrafmoqmed dacvasTan kavSirSi, 
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romelnic aRiZvrebian Zalovan transformatorebis gragnilebSi 
mokled SerTvis gamo maTSi eleqtrodinamiuri Zalvebisagan dazia-
nebebisa da narCeni deformaciis Sedegad parametrebis cvlilebiT.
d a s k v n e b i
Catarebuli gamokvlevebis safuZvelze miRebulia Semdegi Sedegebi:
1. dadgenilia, rom dReisaTvis saqarTvelos elmomaragebis sistemaSi 
Zaluri transformatorebis mniSvnelovanma nawilma amowura Tavisi 
muSaobis resursi. Qqveynis ekonomiuri situacia, agreTve 
transformatorebis saerTo raodenobis didi ricxvi ar iZleva 
uaxloes xanSi maTi Secvlis saSualebas. Aamitom 
transformatorebis drouli diagnostika metad aqtualuri Temaa.
2. saqarTvelos saxelmwifo eleqtrosistemaSi 110-500 kv Zabvis 
qvesadgurebis, Ria da daxuruli gamanawilebeli mowyobilobebis 
saxeobebis mixedviT warmodgenili mtyunebebis, uwesivrobisa da 
defeqtebis  gamovlenis jamuri  ganawilebis analizidan 
gamomdinare dadgenilia, rom mowyobilobis izolaciis klasis 
zrdasTan erTad arsebobs mtyunebaTa zrdis tendencia. 
gamovlenili uwesivrobebisa da defeqtebis didi nawili pirvel 
rigSi  miekuTvneba eqspluataciaSi Seyvanil axali tipis 
mowyobilobebs, rac gamowveulia maTi damzadebis xarisxiT
3. dadgenilia, rom principul problemas warmoadgens koncefciis 
Teoriuli uzrunvelyofis arsebiTi CamorCena diagnostikis 
Tanamedrove saSualebebisa da informaciuli teqnologiebis 
miRwevebis realuri SesaZleblobebisagan.
4. dadgenilia, rom teqnikurad dasabuTebuli diagnozis dasma 
SesaZlebelia mxolod srulyofili informaciis pirobebis 
statistikuri monacemebis Sekrebis, gare daTvalierebisa da 
specialuri xelsawyoebis saSualebiT Catarebuli eqsperimentuli 
gamokvlevebis Sedegad;
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5. dadgenilia, rom   diagnostikis Tanamedrove meTodebi da teqnikuri 
saSualebebi energosistemebSi saSualebas ar iZlevian Zvirad-
Rirebuli eleqtromomowyobilobis qselidan gamorTvisa da gaxsnis 
gareSe gamovlenili iqnas calkeuli elementebis MmuSaobis 
reJimebi. amasTan dakavSirebiT iweleba eletromowyobilobis 
remontSi gadayvanis dro, ixarjeba operatiuloba da izrdeba 
avariuli reJimebis gazrdis albaToba. 
6. dadgenilia, rom udaod aqtualuri xdeba  kontrolis iseTi axali 
meTodebis damuSaveba, romlebiTac transformatoris gaxsnis gareSe 
moxdeba misTvis damaxasiaTebeli  sxvadasxva parametrisa da 
monacemis gazomva,  defeqtebis aRmoCena da aRmofxvra.
7. Ddadgenilia, rom eleqtromowyobilobaTa diagnostikis  sferoSi 
mimdinare samecniero-kvleviT samuSaoebSi kompiuteris farTod 
gamoyenebam aucilebeli gaxada maTematikur modelirebasTan erTad 
eleqtruli wredebis Teoriis sferoSi axali Teoriuli midgomebis 
damuSaveba da miRebuli Sedegebis WeSmaritebis Sefaseba.
8. damtkicebulia Tanamedrove pirobebSi energoefeqturi RonisZi-
ebebis gatarebisaTvis samfaza transformatoris maTematikuri 
modelis saWiroeba.
9. datvirTvis reJimSi samfaza transformatoris Sesabamisi 
gantolebaTa sistemis amosaxsnelad Sedgenili iqna blok-sqema, 
romlis safuZvelzეc SesaZlebelia Sedges kompiuteruli programa  
optimaluri eleqtruli da magnituri parametrebis SesarCevad.
10. Zaluri transformatorSi  ganviTarebadi defeqtis dadgenis mizniT 
SemuSavebuli iqna specialuri algoriTmi, romelic saSualebas 
iZleva sakmao sizustiT ganvsazRvroT ganviTarebadi defeqtis saxe, 
misi gamomwvevi mizezi da mosalodneli Sedegi.
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Abstract
          In the result of industrial production fall during last decades the number of worn-
out electrical facilities have abruptly increased. Average duration of working capacity of 
electrical facilities exceeded 40 years and 80% of them generated their physical 
resources. A strong tendency of technologic disturbances and accidents is noticed, mostly 
on facilities filled with oil, first of all in power transformers, autotransformers and 
reactors.
          A power transformer represents the most expensive part of any substation most of 
which work the year round in various climate conditions and undergo internal and 
external influence of electromagnetic and mechanic nature. That is why, during 
exploitation of transformers various defects can  emerge which are expressed at work in 
different ways.
          Nowadays in the system of electric supply a significant part of power transformers 
exhausted their resources. Economical condition of the country and great number of 
transformers’ total quantity do not allow to change them.  Thus, timely diagnostics of 
transformers is quite urgent. 
          Statistical studies, carried out abroad, showed that probability of transformers abort 
is 0.0062 in a year. Saying in other words this means that in energetic system with 160 oil 
transformers one accident in a year is possible in extreme case.  
          At present for estimation of the state of system defects development and 
determination of exploitation properties of power transformers and autotransformers, 
complex diagnostic study is widely used. This kind of studies allow to reveal either 
developing defects, estimate a level of danger, or necessity of major repair, capacity and 
terms. 
           Basic problem is a fundamental lagging of theoretical provision of conception of 
modern facilities and real possibilities of information technology progress.
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           During last two decades diagnostic methods of transformers, substations and 
devices are implanted in practice and continually processed worldwide. They are made on 
the base of modern microelectronics easily interrelated with personal computers.
           Making technically confirmed diagnosis is possible only after gathering statistical 
data of complete informational terms, external inspection and experimental studies 
carried out by means of special devices. 
          Thus working out new methods of control is becoming very urgent. By these 
methods measuring various parameters and data of transformer, revealing defects and 
their correction will be possible without opening facility. 
          The first chapter of the work is devoted to the literature review where a short 
history of transformers, dedication of power transformers and an operation concept, 
nominal data and technical properties of transformers, main types of their damage, basic 
methods of power transformer control, main and additional lists of chemical and electrical 
tests, ways of transformer diagnosis  are given.
            In the second chapter of the work methodology of diagnostic system of high 
potential electrical equipment is discussed. It is commonly known that high potential 
electrical equipment is under the high risk of forming defects and malfunctions and they 
have too much accidents. Currently, methods used for  prophylaxis and revealing 
malfunctions allow to decrease aborts somehow.
           According 1500 units of devices of 110-500 kW voltage in the state electrical 
system  of Georgia, total distribution of revealing aborts, malfunctions and defects 
through substations, open and closed  allocating arrangements, subsequent to the results 
of three year exploitation, are given in this chapter. 
           Three-level structural scheme of diagnostic system with numbers and types of 
diagnostic parameters is given. In specification of diagnostic parameters periodicity of 
their registration is important. It depends on defect formation in parts or any control knot
of the object  and development speed. 
           In the same chapter diagnostic algorithm is given, the main part of which is a 
model. The model consists of various parts (blocks) which are related to each other 
functionally. As a rule such parts are not reviewed separately. Their total bit in the model 
functioning is conditioned by interaction between the parts. When making diagnosis 
knowing sequence of events is important. These events may cause an abort of details and 
knots. 
            In the third chapter of the work  mathematical models of power transformers are 
discussed. 
            Mathematical modeling is one of the main instruments for getting to know events 
of external world by human. It represents a mean for learning a real object, process or 
system via replacing them with mathematical model. It is more convinient when 
experimental studies are carried out  using calculation machines. Mathematical modeling 
means basic connections  and relationships of learnt event. This can be formulas or 
equations, collection of rules and coordination in mathematical representation. 
          Mathematical modeling is an integral part of scientific-technical progress. This 
methodology does not change scientific disciplines, does not compete them but 
participates in all fields of current creative studies. 
          Wide use of mathematical modeling allows rising general level of theoretical 
studies and to carry out them in close relation with experimental researches.  
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           Making and learning mathematical model of electrical facilities give great 
perspective for studying electrical facilities. Wide use of computers in scientific works 
passing in the field of electrical facility diagnostics made it necessary to process new 
theoretical approaches in the field of electrical circuit theory and estimate validity of the 
results.  
           Nowadays modeling problem of inductively connected circuits is quite urgent. To 
make mathematical model corresponding physical processes in such circuits it is 
necessary to introduce a new counting system. Electric technologists have been conscious 
about adequate modeling problem for a long time. This is seen in discussions at the 
congress of international commission of electric technologists. Power transformer is a 
classical sample of inductively connected circuit. That is why, in the work there is a 
mathematical model of single-phase and tree-phase transformers which completely 
expresses physical processes taking place in them. 
          At download mode for solution of equation systems corresponding to three-phase 
transformers, block chart was made and basing on it – program calculating primary and 
secondary currents.  
For solving equation system corresponding to three-phase transformer in the mode of 
load, a block diagram was made and basing on it – a program for calculation of primary 
and secondary currencies was created.
       In the fourth chapter an algorithm (worked out by me) for specification of developing 
defects in power transformers is represented. This allows to determine  development of 
defects using special diagnostic  tables, according data of chromatographic analysis. 
       In the same chapter the list of factors to be considered for estimation of condition 
during infrared diagnostics and characterization of these factors are given. They influence 
infrared control.
Induction parameters are the most sensitive to windings deformation caused by 
turn-to-turn faults of power transformers windings. In the windings of such transformers, 
at forming initial deformities and in case of turn-to-turn faults, developing increase or 
decrease of inductivity from period to period  accompanied by irreversible destruction of 
controlling transformer windings. Basing on this method informational-measuring control 
system of power transformer parameters are made. It can be used  at short circuit tests and 
exploitation without switching off from the system for operating control of power 
transformers’ winding conditions. Informational-measuring system have to be used in 
conjunction with fast-acting protection from the modes arising in windings of the power 
transformers due to short circuits with changing parameters in the result of damages due 
to electrodynamic forces  and residual deformations.
